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The novel coronavirus-2019 (COVID-19) pandemic 
originated in Wuhan, China in late December 2019, 
and rapidly spread to more than 200 countries all 
around the globe. Currently, there are more than 19.6 
million confirmed cases with 727,435 fatalities.[1] The 
most common presenting features of COVID-19 are 
like those in influenza fever, dry cough, sore throat, 
malaise, myalgia, arthralgia, nasal congestion, sneezing, 
and runny nose.[2-4] However, different uncommon 
presentations have been reported including abdominal 
pain, lack of appetite, vomiting, diarrhea, altered taste 
sensation and ageusia, bilateral pneumonia, pleural 
effusion, radiological lung consolidation, altered liver 
function, lymphadenopathy, acute kidney injury, 
neurological manifestations and vascular (venous and 
arterial)  thrombosis.[2-6] On the other hand, children 
may remain asymptomatic and most are only detected 
on laboratory testing. Nevertheless, some may develop 
Kawasaki-like signs or Guillain-Barré syndrome, and 
the course of  COVID-19 may be worse in some young 
cases.[3-5] The main concern in COVID-19 is the 
involvement of the lungs and respiratory system which 
may result in dyspnea, low blood oxygen saturation, 
and respiratory failure, thereby, requiring mechanical 
ventilation,[3,4] mostly in those having comorbid 
conditions such as diabetes mellitus, obesity,  ischemic 
heart disease, cancer, post-surgery, and chronic 
obstructive pulmonary disease (COPD).[3,5]
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481Pulmonary rehabilitation in COVID-19
Patients on mechanical ventilation may also have 
complicating ventilator-associated pneumonia, acute 
respiratory distress syndrome (ARDS), pulmonary 
edema, and atelectasis, pulmonary embolism with 
right-sided heart failure.[7] These complications may 
lead to prolonged length of stay in intensive care units 
(ICUs), prolonged duration of mechanical ventilation, 
and higher mortality rate.[7] Patients who stay in the 
ICU are also at risk of developing  post-intensive 
care syndromes (PICS) which are defined as “physical, 
cognition, and mental impairments that occur during 
ICU stay, after ICU discharge or hospital discharge, as 
well as in the long-term follow up of ICU patients”.[8] In 
addition, COVID-19 patients with extensive lung and 
respiratory involvements, who are treated under the ICU 
support, are prone to development of above-mentioned 
complications. There is evidence that early rehabilitation 
may improve short-term physical outcomes and quality 
of life (QoL) in patients with PICS.[9]
Considering that most patients of COVID-19 
requiring ICU care have respiratory involvement, we 
aim to explore whether pulmonary rehabilitation (PR) 
is an effective intervention in these patients to improve 
outcomes and reduce mortality. The 2013 American 
Thoracic Society (ATS)/European Respiratory Society 
(ERS) Statement defines PR as “a comprehensive 
intervention based on a thorough patient assessment 
followed by patient-tailored therapies, which include, 
but are not limited to, exercise training, education, 
and behavior change, designed to improve the 
physical and psychological condition of people with 
chronic respiratory disease and to promote the long-
term adherence of health-enhancing behaviors.”[10] 
Participation in PR enhances exercise capacity, reduces 
depression and anxiety, improves Health Related QoL 
(HRQoL), fatigue, and the strength of respiratory 
muscles in patients with various forms of respiratory 
disorders.[10] These improvements are observed in 
patients with COPD,[11] idiopathic pulmonary 
fibrosis[12] interstitial lung disease, stroke.[13,14] and 
lung cancer.[15] Also, PR may have a role in survivors 
of ARDS, obesity-related respiratory disorders, before 
and after lung resection, and respiratory impairment 
related to spinal cord Injury.[16]
In this review, we discuss the role of PR and its 
recommended strategies in patients with COVID-19 in 
the light of an extensive review of the literature.
MATERIALS AND METHODS
An online literature search was conducted 
between April 8th, 2020 and August 10th, 2020 using 
Medline and PubMed Central, restricted to English 
language. The keywords were as follows: “respiratory 
rehabilitation” “pulmonary rehabilitation”, “chest 
physiotherapy”, “chest exercises”, “deep breathing 
exercises”, “respiratory muscle training”, “cough 
assistance”, “novel coronavirus”, “SARS-CoV-2” and 
“COVID-19”. The Boolean Logic (AND, OR and NOT) 
was employed to generate different combinations of 
search strings. The websites of The American College 
of Chest Physicians, American Lung Association, 
Canadian Thoracic Society, ERS, International Society 
of Physical Medicine and Rehabilitation and Thoracic 
Society of Australia and New Zealand (TSANZ) 
were explored for further insight. Excluded were 
articles describing clinical features, epidemiology, 
lung transplantation in COVID-19, COVID-19 
non-PR, rehabilitation protocols, and consequences of 
COVID-19. Articles other than English were excluded. 
A flowchart (Figure 1) was developed for reporting 
scoping reviews of research related to PR of COVID-19. 
The Critical Appraisal Skills Program (CASP) checklist 
was used to asses articles included.
RESULTS
The literature search resulted in a total of 813 
articles (PubMed - 107, PubMed Central - 706). On 
screening, 40 articles including five consensus-based 
guidelines specifically discussing PR articles on 
COVID-19 were selected for this review (Table 1).[17-50] 
Table 2 lists the consensus-based guidelines.[51-56] 
The remaining articles regarded clinical features of 
COVID-19 or rehabilitation strategies other than 
PR were not included. Of the selected 40 published 
papers, only one was a randomized-controlled trial 
(RCT) from China which documented the efficacy of 
PR in elderly COVID-19 survivors discharged from 
hospital. The remaining 39 articles were guidelines, 
perspectives, perspective and analysis, opinion letter, 
correspondence, letter to editor, cross-sectional study, 
review paper, recommendations, and position papers. 
We were unable to find any specific guidelines 
on PR in COVID-19 on any professional society 
website. Only the RCT described the usefulness 
of PR on respiratory function, HRQoL, mobility, 
and psychological function in elderly COVID-19 
survivors discharged from the hospitals in China.[17] 
The study included one 10-min  session, twice per 
week for a total of six weeks. The outcome parameters 
included forced expiratory volume in 1 second, 
(FEV1)/forced vital capacity (FVC), diffusing lung 
capacity for carbon monoxide (DLCO), 6-min walk 
test (6MWT), HRQoL (assessed by Short Form-36 
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[SF-36]), activities of daily living (ADLs) based on 
Functional Independence Measure (FIM), and mental 
status tests (Self-Rating Anxiety Scale [SAS] and 
Self-Rating Depression Scale [SDS]).[17]
In a position paper, the Italian Association of 
Respiratory Physiotherapists (ARIR) described how to 
perform and manage mechanical ventilation, and what 
aspects of rehabilitation could be performed, where 
patients remained stable.[18]
The Respiratory Rehabilitation Committee of 
the Chinese Association of Rehabilitation Medicine 
(CARM) and the Cardiopulmonary Rehabilitation 
Group of the Chinese Society of Physical Medicine 
and Rehabilitation (CSPMR) issued a set of 
recommendations to follow while administering 
inpatient PR to COVID-19 patients.[19,51,52,57] These 
recommendations can guide clinical practice and form 
the basis for PR in COVID-19 patients;[51,52]
1. Pulmonary rehabilitation would relieve the 
symptoms of dyspnea, anxiety, and depression and 
eventually improve physical functions and QoL
2. For critical inpatients, there should be no early 
PR interventions
3. For patients in isolation, PR guidance should 
be conducted through educational videos, 
instruction manuals, or remote consultation
4. Assessment and monitoring should be 
performed throughout the PR process
5. Appropriately graded personal protective 
equipment (PPE) should be used following the 
present guidelines.
In another position paper, by the American 
Academy of Physical Medicine and Rehabilitation, the 
conditions (C), actions (A) and needs (N) principles 
were described to aid physiatrist and physicians and 
further staff in acute inpatient rehabilitation facility, 
general measures to limit spread of COVID-19  during 
stay, to navigate patients’ care during this public 
health emergency and establish a treatment plan after 
patients are discharged.[19] These recommendations 
are not specific regarding pulmonary aspects of 
rehabilitation.[19]
Thomas et al.[53] further proposed clinical practice 
recommendations for acute respiratory care to be 
effective for COVID-19 patients; i.e., maintaining air-
borne precautions, following cough etiquette and hygiene 
by both patients and staff, and use of disposable PPE. 
They also recommended treatments such as aerosol-
generating PR procedures (cough and huff during 
treatment), open suction, naso- and oropharyngeal 
suctioning, and sputum inductions should ideally 
be performed in a negative pressure room or in a 
closed-door single-room by a physiotherapist under 
PubMed and PubMed Central databases (n=813)
Records after duplicates 
removed (n=805)
Articles excluded
(not related to COVID-19 PR, n=760)
Full-text articles excluded 
(non-English articles, non-PR
Records screened (n=805)
Full-text articles assessed for 
eligibility (n=45)
Studies included in qualitative 
synthesis (n=40)
Additional records identified through other sources (n=0)
Figure 1. Schematic diagram of how scoping review is synthesized.
PR: Pulmonary rehabilitation.
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TABLE 1
Summary of manuscripts published on pulmonary rehabilitation in patients with COVID-19
Author (s) Country Manuscript type Summary
Liu et al.[17] China Experimental study Quasi-experimental study on pulmonary rehabilitation in elderly COVID-19 
survivors, weaned off from mechanical ventilation and discharged from 
hospitals in China. Participants underwent PR over 6 weeks. Improvement 
was seen in respiratory function (FEV1/FVC), QoL, level of anxiety, physical 
function (SF-36). There was no significant change in depression.
Lazzeri et al.[18] Italy Perspective A position paper authored collaboratively by the Italian Association of 
Respiratory Therapists and Italian Association of Physiotherapists. The aim 
was to provide guidelines to the rehabilitation team members working in an 




USA Emerging issue A position paper describing CAN report in inpatient rehabilitation facilities, 
which seems to be effective in COVID-19 cases
Smith et al.[20] England Perspective This article describes the clinical presentation of PICS and provides 
recommendations for physical examination, outcome measures, plan of 
care, and intervention strategies. It also stresses the importance of educating 
patients and family, coordinating community resources, and CBR service. The 
current challenges for patients developing PICS are also discussed.
Li[21] China Expert opinion The rehabilitation team should be included in COVID-19 management as any 
other national disaster that happened before.
Mohamed and 
Alawna[22]
Turkey Review Increased aerobic capacity could lead to short-term improvement of immune 
(an increased function of immune cells and immunoglobulins level) and 
respiratory system (acting as an antibiotic, antioxidant, and antimycotic, 
restoring normal lung tissue elasticity and strength) in COVID-19 patients. 
Aerobic exercise minimizes anxiety and depression. 
Polastri et al.[23] Italy Editorial Early rehabilitation for COVID-19 patients with respiratory, physical, and 
psychological impairments is required. Pulmonary rehabilitation algorithm 
for chronic lung diseases could be useful in COVID-19 patients. However, 
COVID-19 specific rehabilitation (inpatient, outpatient, and telerehabilitation) 
setting is required to develop. Inviting technology and reorganizing health 
system is required to serve increased patient load. 
Zhu et al.[24] China Letter to editor 
(case report based)
After weaning from ventilation, postural change and prone position improves 
alveolar gas exchange and reduce pulmonary bacterial infection; spontaneous 
deep breathing maintains lung recruitment; early post ICU mobilization 
improves respiratory and diaphragmatic muscle strength; psychological 
intervention and sleep promotion improve anxiety and depression.
Sheehy[25] Canada Expert opinion Major PR should not be at an early stage of lung involvement.
Rivera-Lillo et al.[26] Chile Letter to editor COVID-19 survivors with long-term pulmonary sequelae and associated 
comorbidities are straining on the existing healthcare facilities. Developing 
a trained multidisciplinary rehabilitation team is a must serve the COVID-19 
survivors for improved functionality and QoL.
You et al.[27] China Letter to editor 
(case series based)
COVID-19 survivors are documented to have impaired lung function and 
GGO on chest CT and X-ray. Pulmonary fibrosis can develop in critically 
ill patients and is linked to impaired lung function, however, to confirm it, 
long-term study is required. Long-term follow-up outcomes of lung function 
in COVID-19 survivors help us developing a guideline specific to the disorder.
Mo et al.[28] China Letter to editor In COVID-19 survivors, impairment of diffusion capacity and restrictive 
ventilatory defect both are associated with the severi-ty of the disease. 
Spirometry and diffusion capacity should be measured in routine clinical 
follow-up in severe cases.
Zha et al.[29] China Letter to editor
(case report based)
Follow-up of two patients depicted, non-abnormality on both chest radiology 
and function tests in young COVID-19 case, whereas, the same were eventful 
in older COVID-19 survivor due to lung fibrosis that could affect patients 
overall physical abilities 
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TABLE 1
Continued
Author (s) Country Manuscript type Summary
Curci et al.[30] Italy Cross-sectional 
study
Based-on oxygen saturation and patients wearing masks - PR could include 
posture changes (FiO2 ≥40 and <60%). Bedside, ROM for joints, stretching 
& pumping exercises for limbs with some exceptions, breathing control, 
chest-abdomen coordination exercises (promote proper recruitment of 
diaphragm muscle), clearance techniques; patients without oxygen support 
devices or wearing nasal cannula (FiO2 ≥21 and <40%) - rehabilitation 
protocol includes active exercises performed at bedside, balance training 
in statics and dynamics, program to prevent fall, low-intensity exercises 
of limb and trunk muscles. Patients able to maintain standing, having 
adequate muscle strength and respiratory function, walking training could 
be performed. COVID-19 with FiO2 ≥21 and <40% further participate 
in thoracic expansion training, forced inspiration-expiration, incentive 
spirometer, and bottle Positive Expiratory Pressure utilization.
Estraneo and 
Ciapetti[31]
Italy Letter to editor Severe COVID-19 cases develop functional motor deficits impacting weaning 
from mechanical ventilation, long-term outcomes, and hospital mortality. 
So, early recognition of neuromuscular impairment and plan for their 
rehabilitation improve respiratory function and overall clinical outcome.
Brugliera et al.[32] Italy Perspective Nutritional management of COVID-19 patients improves clinical outcomes. 
Nutritional support and the proper rehabilitation including PR improve the 
likelihood of recovery in COVID-19 patients. 
Severin et al.[33] US Review Screening of respiratory muscle performance could add value while planning 
PR in COVID-19 patients with compromised lung function. 
Pancera et al.[34] Italy Case report Pulmonary rehabilitation in COVID-19 under ventilation due to ARDS 
including respiratory care, early mobilization, and neuromuscular electrical 
stimulation started in a rehabilitation center can lead to early weaning from 
ventilation support, the tracheal cannula removal, and recovering walking 
capacity followed by increased respiratory muscles strength and function and 
quadriceps muscle volume in later follow-up.
Tay et al.[35] Singapore Case report Robotic therapies prove useful in PR of post-critical care COVID-19 patients 
as well.




Italy Corre-spondence Eight-segment traditional Chinese rehabilitation program in association with 
conventional PR and PNF could improve lung function in COVID-19
Simpson et al.[38] Canada Analysis and 
perspective
Existing Spa facilities could be successfully utilized for post-COVID-19 PR.
Bhutani and 
Robinson[39]
Canada Position statement This paper highlights that COVID-19 associated critical illness will greatly 
impact the existing healthcare facilities. There is a need to design strategies 
to mitigate the strain, both in acute and post-acute phases. Health care 
professionals working with COVID-19 need to cooperative across disciplines
Bryant et al.[40] USA Letter to editor 
(based-on clinical 
experience)
Veterans are eligible for the Telehealth program through internet connection 
from their homes using iPADs, smartphones or computers if they: (1) are 
medically stable and receiving optimal medical management; (2) have no severe 
cognitive impairments; (3) able to use a computer and e-mail or have a family 
member to assist them; and (4) have correctable (glasses or hearing aids) visual 
and auditory impairments. Instead of assessing 6MWT, manual muscle test, 
grip strength, and gait, 1-STS to assess exercise capacity and cardiovascular 
responses, 5 times STS test to assess and monitor muscle strength.  Alongside, 
correct inhaler use, breathing patterns, coughing can be assessed easily with 
the virtual connection. Questionnaires including Dyspnea Modified Medical 
Research Council Scale, St. George Respiratory Questionnaire, the COPD 
Assessment Test, Cardiac Self-Efficacy Scale, Duke Activity Status Index, Rate 
Your Plate, Extent of Adherence Patient Health Questionnaire-9, and Activities 
of Daily Living can be administered through Telehealth without difficulty.
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TABLE 1
Continued
Author (s) Country Manuscript type Summary
Iannaccone et al.[41] Italy Short communication Reorganization of hospital setup and treatment of patients through 
different units is required when there is an increased f low of patients.  In 
post-COVID-19 unit, postural variation should be performed several times 
a day. Patients with ARDS can benefit from prolonged prone positioning 
(even for >12 hours/day) and during non-invasive ventilation, however, 
pronation procedure should be interrupted during poor oxygenation. 
There should be different paths for staff and patients of COVID-19 
and non-COVID-19. After hospital discharge, telemedicine was used to 
follow-up with patients at home.
Salawu et al.[42] UK Review Tele-rehabilitation could be useful for PR, psychological support, and nutrition 
advice for COVID-19 patients, however, those unable to participate in a 
telerehabilitation program and having balance deficits require face-to-face 
assessment. COVID-19 patients following discharge from hospital, supervised 
multidisciplinary telerehabilitation programs should be an integral component 
of the follow-up.
Yang et al.[43] China Review In COVID-19, pulmonary rehabilitation should be individualized and 
multidisciplinary approach and cooperation is required.
Kiekens et al.[44] Italy Position paper In this position paper, from the northern Italy region, the proceeding of a 
webinar on COVID-19 is summarized. The Webinar was organized by the 
Italian Society of Physical and Rehabilitation Medicine, regarding respiratory 
care in acute and post-acute phases. They were also concerned about the 
impairments that might develop during intubation, for example, muscle 
weakness, contracture, joint stiffness, dysphagia, poor QoL, amongst others.
Yang and Yang[45] China Nonspecified Pulmonary rehabilitation has been mentioned as safe, simple, satisfactory and 
saving lives.
Simonelli et al.[46] Italy Short communication Unexpected and urgent organizational change and roles of Respiratory 
Physiotherapists’ regarding Cardio-Pulmonary Rehabilitation service 
in COVID-19 emergency in seen in a Northern Italian rehabilitation 
hospital. RPTs remodeled tasks included: oxygen therapy monitoring, 
non-invasive ventilation, continuous positive airways pressure delivery, 
change of posture to improve oxygenation, patients’ functional assessment 
to evaluate motor conditions, and exercise-induced oxygen desaturation. 
This reorganization badly impacts over professional skills of RPTs, but it 
could provide practical insights to other facilities facing this crisis like 
COVID-19.
Gitkind et al.[47] USA Perspective Referring patients for rehabilitation should be judged case-case, based-on 
discussion with other professionals in the multidisciplinary team, less time 
consuming than before because of patient overload at emergency, rehabilitation 
specialist now is considered an integral part of a treating team, therapy period 
should also be readjusted.
Wang et al.[48] US Analysis-perspective Pulmonary rehabilitation in COVID-19 should include management of 
nutrition, air-way, posture, clearance technique, oxygen therapy, breathing 
exercises, stretching, manual therapy, and physical activity. Outpatient PR 
should be considered for all patients hospitalized with COVID-19.
Vitacca et al.[49] Italy Position paper Consensus promoted by the Italian societies of respiratory health care 
professionals reveled hospital facilities could be reorganized, and; alongside 
PR for COVID-19 cases there should a separate path for non-COVID-19 cases 
PR rehabilitation 
Grigoletto et al.[50] Brazil Editorial Policy-makers, health care professionals, and healthcare providers should take 
initiatives to mobilize resources towards building and expanding rehabilitation 
services including PR to serve the COVID-19 survivors better returning to 
normal life.
CARM: Chinese Association of Rehabilitation Medicine; Respiratory rehabilitation committee of CARM; Cardiopulmonary rehabilitation Group of CSPMR (Chinese Society of 
Physical Medicine and Rehabilitation); SF-36: Short form 36; FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity; ICU: Intensive care unit; CAN: Conditions, 
actions and need; CBR: Community based rehabilitation; PICS: Post intensive care syndrome; PR: Pulmonary rehabilitation; QoL: Quality of life; GGO: Ground-glass opacity; 
ROM: Range-of-motion; FiO2: High inspiratory oxygen fraction; ARDS: Acute respiratory distress syndrome; PNF: Proprioceptive neuromuscular facilitation; VHA: Veterans 
Health Administration; 6MWT: 6-min walk test; 1-STS: 1-min Sit-to-Stand test.
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the guidance of a physician. Physiotherapist-assisted 
positioning training of gravity-assisted lung 
clearance to help ICU staff to manage COVID-19 
patients is also recommended under the supervision 
of a medical doctor.[53] Additional measures should be 
taken for physiotherapists assisting sputum sample 
collection.[53]
A panel of seven teams consisting of rehabilitation, 
sports and exercise medicine, rheumatology, 
psychiatry, general practice, psychology, and 
pain specialists working at the Defense Medical 
Rehabilitation Centre, Stanford Hall, United 
Kingdom (UK) developed a consensus statement 
for rehabilitating COVID-19 including PR; 
compromised respiratory function and functional 
limitations should be assessed as early as possible, in 
association with degree of dysfunction, normocapnic 
respiratory failure and patient’s physical and mental 
status. Initially, low intensity exercise (≤3 metabolic 
equivalent of task [METs] or equivalent) should 
be considered in those patients requiring oxygen 
therapy. Progression of therapy would be via exercise 
intensity, which can be increased gradually based on 
clinical features.[54]
TABLE 2
Guidelines recommending pulmonary rehabilitation in patients with COVID-19
Guidelines Country Summary
CARM; Respiratory 
rehabilitation committee of 
CARM; Cardiopulmonary 
rehabilitation Group of 
CSPMR,[51] and Zhao et al.[52]
China The five main recommendations for PR in elderly COVID-19 cases are : 
a) PR in COVID-19 inpatients improve breathlessness, anxiety, and depression, physical 
function and the quality of life; b) no early PR in critically ill patients; c) teleconsultation for 
PR; d) regular monitoring during PR is required; e) Personnel involved in PR, safety measures 
should be ensured
Thomas et al.[53] Multinational Recommendations designed for utilizing physiotherapy workforce, how to determine 
physiotherapy requirement, physiotherapy treatment modalities including respiratory care and 
use of PPE in acute care of adult confirmed or suspected COVID-19
Barker-Davies et al.[54] UK A panel of seven teams working at the Defense Medical Rehabilitation Centre, Stanford Hall 
reached a consensus on rehabilitation issues related to COVID-19 including PR based-on 
Likert scale (0-10) agreement score - (i) Respiratory complications should be considered in 
post-COVID-19 patients (Level of agreement: mean score 9.38, 95% CI: 8.92 to 9.85), (ii) Initial 
assessment is recommended in a timely manner depending on the safety issue, degree of 
dysfunction, normocapnic respiratory failure and patient’s physical and mental status (Level 
of agreement: mean score 9.00, 95% CI: 8.48 to 9.52). (iii) Low-intensity exercise (≤3 METs or 
equivalent) should be considered in patients on oxygen therapy, increase in exercise intensity 
according to symptoms (Level of agreement: mean score 8.90, 95% CI: 8.23 to 9.57).
Kurtaiş Aytür et al.[55] Turkey Pulmonary rehabilitation recommendations for adult COVID-19 cases considering 
contagiousness of COVID-19, recommendations on limited contact of a patient with healthcare 
providers, and the evidence about possible benefits of PR. Mild disease - individualized 
approach, general health recommendations (avoid smoking, take plenty of f luid, protein, 
vitamin C and minerals, and fiber-rich diet), special care of people with disability, no PR; 
pneumonia - individualized PR (single session, at home) in people with productive cough 
though, take care of people with disability, follow general health recommendations, use of 
PPE; severe pneumonia - PR (single session) as per physiatrist recommendations, stop PR 
if the condition gets worse during PR, use PPE; ARDS - no major PR intervention, general 
rehabilitation care, for example, bed positioning, early mobilization, airway clearance, and joint 
ROM are to be initiated by healthcare staff in a rehabilitation facility.
Zeng et al.[56] China WHO Family of International Classifications (WHO-FICs) frame-work to form an expert 
consensus on the COVID-19 rehabilitation program including PR. Pulmonary rehabilitation 
includes thorax mobilizing exercise, expectoration therapy, respiratory training to 
improve patients’ symptoms. Patients’ body posture influences diaphragm activity, lung 
ventilation/perfusion in the lung, and ease breathing. Changed body positioning, active 
breathing, clapping, and thoracic vibration assists cough expectoration. Gradual and graded 
resistant breathing training improves breathing experience. Electrical stimulation diaphragmatic 
trainer, electronic biofeedback could also be useful. Exercise training (endurance, resistance, 
balance, and coordination training). does not only improves the cardiopulmonary muscle unit 
but also increase the compensatory ability of the noninvolved organs. However, in COVID-19, 
the above exercises should be judged judicially, for what strong co-operation between physiatrist 
and physiotherapist is the key.
CARM: Chinese Association of Rehabilitation Medicine; Respiratory rehabilitation committee of CARM; Cardiopulmonary rehabilitation Group of CSPMR: Chinese Society of 
Physical Medicine and Rehabilitation; PR: Pulmonary rehabilitation; PPE: Personal protective equipment; METs: Metabolic equivalent; CI: Confidence interval; ARDS: Acute 
respiratory distress syndrome; ROM: Range-of-motion; WHO: World Health Organization; FICs: Family of International Classifications.
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TABLE 3
Summary of pulmonary rehabilitation interventions in COVID-19 patients
Parameters Summary
Indications[51-55] COVID-19 pneumonia/severe pneumonia with a productive cough but medically stable should participate in 
PR; asymptomatic and pneumonia with a non-productive cough should do aerobic exercises and home-based 
exercise program. 
Pre-requisites[51-53] With the good general condition, no fever/dyspnea/tachypnea, normal SpO2 (≥90%), decreased viral load, a 
FiO2 ≤0.6, RR ≤40 breaths/min, PEEP ≤10 cmH2O (1 cmH2O =0.098 kPa), no airway problems, SBP ≥90 and 
≤180 mmHg, MAP ≥65 and ≤110 mmHg, HR ≥40 and ≤120 beats/min, no arrhythmia, MI, DVT, & PE, high LA 
(≥4 mmol/L), Richmond Agitation-Sedation Scale score: -2 to +2, low IP. Understanding between a physiatrist 
and other rehabilitation team members is also vital.
What exercises are to do[51-53,55]
(individualized exercise program 
designed by a physiatrist in a 
multidisciplinary facility)
In-patient (without ventilation support but require oxygen therapy) - Exercise includes respiratory (breathing 
exercise - slow inhalation and exhalation through the nose and mouth respectively, pursed-lip & diaphragmatic 
breathing) and peripheral muscle training, breathing exercise (intensity - between 1.0 & 3.0 METs, twice/day, 
duration - from 15 to 45 mins.), (low-intensity exercise (1-3 METs) should be considered initially particularly 
for patients who required oxygen therapy), bed mobilization, aerobic exercise, joint ROM (active/passive) 
& stretching, positioning with pillow support (upright, semi-sitting, forward-leaning depending on SOB) 
thrice/day, bronchial hygiene techniques (assisted cough, postural drainage, and percussion), clearance of 
secretion (chest maneuvers - cupping & huffing), transfer to and from bed-chair, and NMES of limb muscles.
In-patient program for an intubated patient - aerosol-generating PR procedures (cough and huff during 
treatment), gravity-assisted drainage techniques (prone positioning for over 12 hours in ARDS), open suctions, 
naso- and oropharyngeal suctioning, sputum inductions, should ideally be performed in a negative pressure 
room or a closed-door single-room under the guidance of a medical doctor.
In-patient program (extubated and before hospital discharge) - Exercise includes respiratory (breathing 
exercise - slow inhalation through the nose and slowly exhales through the mouth, pursed-lip & diaphragmatic 
breathing) and peripheral muscle training, breathing exercise (between 1.0 & 3.0 METs those requires oxygen 
therapy), aerobic exercise, joint ROM & stretching, posture change (upright, semi-sitting, forward-leaning 
depending on SOB), bronchial hygiene techniques (chest cupping), postural drainage with or without chest 
percussion), encourage huffing, ADL training, transfer to and from bed-chair, balance training, resume 
slow-paced ambulation, & NMES for limb muscles.
Out-patient program (after discharge from hospital and within a community) - (1) Patient education - using 
a booklet, videos, telehealth, advise healthy lifestyle education, encourage family and social activities. 
(2) Respiratory rehabilitation: (i) aerobic exercises (individualized walking, brisk walking, slow jogging, and 
swimming programs should start with low intensity, for a short duration, 3-5 sessions/week, each session 
lasts between 20 & 30 min. Intermittent exercise for fatigue. (ii) Muscle strength training (resistance training) 
- starts with a reduced load, and in target muscle group repeat it 8-12 times, 1-3 sets/time, with 2-min rest 
between sets, 2-3 sessions/week for 6 weeks. Load increased around 5 to 10% each week; (iii) balance training: 
hands-free balance training under balance trainer; (iv) breathing exercise (intentional breathing exercise and 
airway clearance techniques) - breathing exercise: posture management, adjust breathing rhythm, huffing, 
thoracic expansion training, mobilization of respiratory muscle groups; airway clearance techniques: first, 
forced expiratory techniques to expel sputum and reduce coughing and energy consumption; second, positive 
expiratory pressure to assist forced expiration (3) ADL guidance: (i) basic ADLs (rehabilitation for bed mobility, 
transfer, ambulation, dressing, toileting, and bathing); (ii) instrumental ADLs. Targeted intervention by an 
occupational therapist would be worth consideration.
Additional supports are required 
during PR[51,52,55,56]
Caregiver training, patient counseling (about disease, available treatment, benefit of regular rest, sufficient 
sleep, smoking avoidance), diet rich with protein, fiber, Vitamin C, and minerals, take adequate fluid, 
single-use PPE, psychological intervention (where appropriate), long-term oxygen therapy (if required), care for 
immobility, neurologic evaluation, care for comorbidities (chronic lung-cardiac disease, senility, obesity, and 
organ failure). Consider ICU-acquired weakness, maintain cough etiquette as well, behavioral modification 
strategies, and vocation-specific support.
When to do no exercise[51-53,55] No major breathing exercise in mild pneumonia, pneumonia without a productive cough, ARDS, or 
asymptomatic COVID-19. Pulmonary rehabilitation is not recommended for severely ill patients or in those 
conditions are deteriorating. Avoid manual hyperinflation in patients under ventilation and inspiratory muscle 
training if infection transmission risk is high.
Monitoring[33-35,52-55] Vital signs (before, during, and after exercise) should be documented. Before and after PR, pulse oximetry 
(SpO2), exercise-induced symptoms (perceived exertion, chest tightness, dizziness, headache, blurred vision, 
palpitations, and profuse sweating) should also be checked. Evaluation should also include Spirometry 
(FEV1/FVC), FiO2, and 6-MWT; 1-MWT & 1-STS are useful when patients are being followed-up on 
teleconsultation. Chest X-ray and CT scanning of COVID-19 unveil lung changes before and after PR.
PR: Pulmonary rehabilitation; RR: Respiratory rate; SpO2: Oxygen saturation; PEEP: Positive end expiratory pressure; SBP: Systolic blood pressure; MAP: Mean arterial 
pressure; HR: Heart rate; MI: Myocardial infarction; DVT: Deep vein thrombosis; PE: Pulmonary embolism; LA: Lactic acid; IP: Intracranial pressure; METs: Metabolic 
equivalent; SOB: Shortness of breath; NMES: Neuromuscular electrical stimulation; ARDS: Acute respiratory distress syndrome; ROM: Range-of-motion; ADL: Activities of daily 
living; PPE: Personal protective equipment; ICU: Intensive care unit; FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity; FiO2: Fraction of inspired oxygen; 
1-MWT: 1-Minute walk test; 6-MWT: 6-min walk test; 1-STS: 1-min Sit-to-Stand test; CT: Computed tomography.
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The Turkish Society of Physical Medicine and 
Rehabilitation has suggested a set of recommendations 
to be effective for PR in adult COVID-19 cases. In mild 
disease, those who are asymptomatic, and ARDS, there 
should be no major pulmonary interventions; however, 
in patients with pneumonia with productive cough, 
PR is required taking safety measures preventing 
infection transmission.[55] Alongside, patient and 
caregiver education, smoking cessation, peripheral 
muscle training, bronchial hygiene, adequate nutrition, 
healthy mind, oxygen therapy are mentioned important 
improving lung function.[55]
The World Health Organization (WHO)-Family 
of International Classifications (FICs) framework 
forms a consensus report regarding a COVID-19 
rehabilitation program including PR. They recommend 
several techniques to be useful in improving lung 
function; however, these should be judged considering 
risk-benefit ratio in a cooperative milieu between 
physiatrist and other rehabilitation team members.[56]
Table 3 summarizes PR strategies to be effective for 
COVID-19 based on published works.
DISCUSSION
The COVID-19 pandemic has been transmitting 
rapidly, leaving few possibilities to conduct 
high-quality, prospective, clinical trials in large series 
of patients. Therefore, most of the current protocols 
are based on preliminary results, expert opinions, 
consensus of professionals, and learning from 
experience of previous pandemics of the severe acute 
respiratory distress syndrome (SARS) virus.[18,21,51-56] 
There is a need to describe the specific details of such 
protocols.[18,58]
In severe COVID-19 cases, pulmonary function 
becomes significantly compromised. Among the 
patients who are hospitalized, an estimated 15% 
requires ICU support.[59] Currently there is no definite 
cure for COVID-19; however, empirical use of 
antiviral, antibacterial, and disease-modifying anti-
inflammatory agents appear to be effective in selective 
cases. Therefore, the preventive recommendations 
and guidelines remain crucial, particularly social 
distancing, staying home strategy, hand hygiene 
and cough etiquette to prevent transmission of 
COVID-19.[60-62]
Alongside medicinal interventions, PR should be 
started at the start of inpatient-stay, throughout the 
entire stay, and continued at outpatient service and 
in the community. An important step of PR includes 
the cleaning of airways at regular intervals, otherwise, 
bronchial secretions may lead to blocked airways 
resulting in difficulty breathing. Although the cough 
is usually nonproductive in COVID-19, productive 
coughing up phlegm can occur at a later stage.[59] 
According to a retrospective study, severe COPD 
patients participated in a three-week in-house PR 
program that included airway drainage, initiation of 
long-term oxygen therapy, endurance and strength 
training, high-intensity inspiratory muscle training, 
and respiratory physiotherapy for breathlessness. This 
resulted in a significant improvement (p<0.001) of 
6MWT, modified Medical Research Council Dyspnea 
(mMRC) Score, and FEV1 scores).[63] Supervised early 
PR in COPD also reduced the mortality risk, hospital 
readmission, hospital stay, and improved HRQoL, and 
walking distance.[64] Increased aerobic capacity can 
improve immune and respiratory function.[22] However, 
outcomes of these interventions in COVID-19 cases 
are still to be determined and  an algorithm of PR for 
chronic respiratory conditions could be an acceptable 
alternative, and technology will be used increasingly to 
mitigate increased patients’ demands.[23,35]
There should be no major PR interventions for 
critically ill patients, until they become medically stable 
or if there are signs of progressive deterioration.[18,51-55] 
The recommendations by the Chinese, Italian, Turkish, 
UK and multinational rehabilitation professionals can 
be a guiding document in this regard (Table 2).[18,51-55] 
When patients remain intubated, even a slight 
change in body position can adversely affect the 
ventilation/perfusion ratio, thereby, mismatching 
the alveolar gas exchange.[51,52] However, in patients 
who are weaning from the ICU, postural change 
and prone-lying position can enhance alveolar gas 
exchange and excretion of pulmonary secretions 
and, thus, reduce pulmonary infection incidence; 
in addition, spontaneous deep breathing and early 
mobilization maximize respiratory and diaphragmatic 
muscles strength, and promote respiratory function 
recovery.[24] Crucially, timing of respiratory exercises 
in patients releasing from ICU is yet to be determined 
and it varies from patient to patient.[21,25,53] Regarding 
these aspects, the physiatrists are responsible for 
examining patients that need to undergo physical 
therapy, determining appropriate treatment programs, 
and deciding to what extent it must be taken by 
the patient, instructing physical therapists of what 
treatment to give, and keeping track of the patient-
treatment record.[55] The role of the physiatrist is to 
manage a patient’s medical issues as they participate 
through the rehabilitation process. A physiatrist 
489Pulmonary rehabilitation in COVID-19
would assess the patient and assure that the patient is 
medically stable to participate in therapies.[55] Despite 
these differences, both therapists and physiatrists 
collaborate and communicate to ensure that 
patients are receiving appropriate treatments in the 
current COVID-19 pandemic.[23,53,55] Preparing the 
multidisciplinary rehabilitation team to implement 
the most effective practices for long-term functionality 
and QoL is also required.[26]
In COVID-19 survivors following discharge, 
restrictive ventilatory defect and impaired diffusion 
capacity are associated with disease severity, chest 
computed tomography and X-ray delineated ground-
glass opacity, and residual impaired lung function,[27] 
particularly in elderly patients. Therefore, spirometry 
and DLCO should be considered in routine clinical 
follow-up for them.[28] Pulmonary fibrotic changes 
could gradually improve with self-rehabilitation; 
however, patient's physical abilities are significantly 
hampered by the limited ventilatory efforts and 
diffusion capacity. Therefore, starting rehabilitation at 
the earliest possible opportunity, in advance of patients 
developing severe or limited ventilatory capability, is of 
utmost importance.[29]
Furthermore, COVID-19 patients recovering 
from assisted ventilation report impaired lung 
function.[7] In post-acute COVID-19 Italian 
patients, Grade 4-5 dyspnea on mMRC, minimal 
activity shortness of breath, higher inspired oxygen 
requirement, and impaired 6MWT performance have 
been documented.[30] Extubated COVID-19 survivors 
develop ICU-associated inspiratory (diaphragm) and 
limb muscles weakness (combined myopathy and 
neuropathy), limited joint ROM, and overall poor 
physical function.[31,55,56] Poor nutrition with serum 
hypoalbuminemia is reportedly linked with ARDS.[32,55]
During PR, respiratory muscle performance is 
scarcely considered.[33] Test of incremental respiratory 
endurance and maximal inspiratory-expiratory pressure 
devices appear to be useful in measuring respiratory 
muscle performance, although their reliability and 
validity are yet to be tested in COVID-19.[33,55] In 
adverse conditions such as senility, obesity, inactivity, 
smoking, and viral infection, respiratory muscle 
strength becomes compromised further and its force-
generating capacity is compensated by increased oxygen 
demand and consumption due to associated high 
airway resistance and altered chest wall mechanics.[33] 
Deep breathing exercise is an important component of 
PR; however, successful PR depends on coordination 
between diaphragm strength, trunk-limb posture and 
balance, joint ROM, nutrition and adequate f luid 
intake.[24,30,32] Therefore, during early PR these factors 
should be considered.[30,56] Early inpatient rehabilitation 
includes respiratory care, bed mobilization, bed-to-
chair transfer, sit-to-stand training, assisted walking, 
and neuromuscular electrical stimulation in limb 
muscles result in improved respiratory function, 
quadriceps muscle function, and walking capacity 
measured on Barthel dyspnea index, quadriceps size, 
and EuroQoL questionnaire.[30,34] Besides, a dynamic 
patient-guided robotic suspension system assists in 
developing ambulation, ADL performance, 6MWT, 
and 10-meter walk test speed.[35] In COVID-19, an 
eight-segment traditional Chinese PR exercises 
regime is considered promising, particularly when 
prescribed with conventional breathing techniques 
and proprioceptive neuromuscular facilitation.[36] 
Existing spa-based rehabilitation facility could be used 
to rehabilitate COVID-19 PR.[37]
Isolated mental health issues or psychological 
issue as part of PICS, such as post-traumatic stress 
disorder, anxiety, and depression are documented 
in COVID-19 infection.[54,38,65,66] A RCT was 
performed in 72 Chinese patients who recovered 
from COVID-19 and showed  positive outcomes 
(p<0.05) regarding  FEV1/FVC, 6MWT, SAS, QoL, 
and FIM scores compared to controls.[17] However, 
in a short-term study, PR interventions appeared to 
be ineffective in improving depression levels and, 
hence, long-term studies are required.[17,65,67] The 
Respiratory Rehabilitation Committee of CARM, 
and Cardiopulmonary rehabilitation Group of 
CSPMR suggest that, apart from easing respiratory 
distress, improving physical function, and QoL, PR 
programs can be useful in improving both anxiety 
and depression.[51] In a Letter to Editor, Zhu et al.[24] 
further demonstrated that PR in association with 
psychological intervention and sleep promotion 
may reduce anxiety and depression in COVID-19 
patients. The PR further improves ADL and global 
functional capacity irrespective of the patient’s age.[68] 
The COVID-19 patients in isolation may benefit from 
PR through educational videos, instruction manuals, 
or telehealth.[19,51] When the inpatient program is 
completed, self-management and PR counseling can be 
still conducted by telehealth technologies.[39] However, 
during telemedicine, we cannot evaluate 6MWT, 
manual muscle test, grip strength, and gait. Instead, 
we can implement 1-min Sit-to-Stand test (1-STS) to 
assess exercise capacity and cardiovascular responses, 
five-times STS test to assess and monitor muscle 
strength, oxygen saturation status, and prescribed 
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exercises to patients. Telehealth is cost-effective, and 
neither patients nor physicians require to travel, and it 
can serve all individuals irrespective of geographical 
location, although it seems to be unrealistic in 
developing countries.[39-41] For patients who are unable 
to participate in a telerehabilitation program and 
require input for impaired balance, a face-to-face 
interview is considered an appropriate measure.[42]
In a recent retrospective inception cohort, early PR 
of COPD patients within 90 days of hospital discharge 
was associated with a significantly lower death risk 
over one year (hazard ratio [HR],  0.63, 95% confidence 
interval [CI]: 0.57 to 0.69 (p <0.001).[34] Additional PR 
sessions were also associated with a reduced death risk 
(HR, 0.91, 95% CI: 0.85 to 0.98, p=0.01).[69] Besides, 
patients who adhere to PR techniques for a long-time, 
usually require less utilization of healthcare utilization 
than non-adherent patients. However, longitudinal 
cohort studies addressing these facts in COVID-19 
survivors are still required.[10,70]
Moreover, COVID-19 patients may have 
simultaneously lung and cardiac problems. Autopsied 
COVID-19 lung tissue revealed diffuse alveolar 
damage, bronchial mucosa, focal interstitial thickening, 
intra-alveolar hemorrhages and intra-alveolar fibrin 
cluster formation, with compromised respiratory 
function.[71,72] Besides, COVID patients with previous 
cardiac problem or COVID-19 associated myocarditis 
are at an increased risk of hospital morbidity and 
mortality.[73] Therefore, strategies of PR may not be 
similar for all COVID-19 survivors, rather these may 
vary depending on the extent of lung injury and cardiac 
status. Yeo et al.[74] recommended existing cardiac 
rehabilitation programs to be continued in COVID-
19 survivors; however cardiovascular comorbidity 
might adversely affect the magnitude of gains made 
in PR.[10,75] Therefore, revision of existing cardiac 
rehabilitation strategies in COVID-19 individuals 
should be considered and should be matched according 
to the current cardiac and pulmonary status.[76]
Pulmonary rehabilitation seems to be safe 
in COVID-19 pneumonia.[64,43] However, it 
must be individualized and be led by a prudent 
multidisciplinary approach including a physiatrist, 
occupational, speech-language, and swallowing 
therapists, to greatly increase the likelihood of acute 
and longer-term positive outcomes.[65,43-45,77] Clinically 
significant, but undiagnosed dysphagia can occur in 
patients undergoing PR. Dysphagia education and 
screening as part of a PR program can improve 
swallowing-related QoL and overall self-management 
of COPD and dysphagia.[78] Combined resistive 
inspiratory and expiratory muscle training can 
improve signs and symptoms of dysphagia as seen in 
stroke patients.[79] Similarly, personalized occupational 
therapy consisting of education, breathing control 
techniques, and breathing exercises is reported to 
improve FVC and overall survival rate in chronic lung 
disorders.[80] We are still curious about whether they 
would be equally effective in COVID-19 survivors with 
impaired lung function.
The COVID-19 is highly contagious; as PR team 
members work in close contact with the patients, 
they remain among the most vulnerable group of 
individuals, hence any rehabilitation plan should 
include a plan to make optimal use of a limited 
rehabilitation workforce. A Business Continuity Plan 
(BCP), - an organizational strategy, can be one of the 
best probable approaches. In BCP, splitting the medical 
team (a physical division of workforce into sub-teams), 
restricted movement amongst team members (to reduce 
cross-infection among team members), and work-
from-home arrangements are considered useful.[77] To 
overcome patient load, organizational changes and 
remodeling of tasks of healthcare professionals are 
sometimes required, as seen in a Northern Italian 
rehabilitation hospital;[46] however, in a rehabilitation 
unit, a physiatrist is the ultimate authority and is 
responsible for monitoring patients’ nutrition, posture, 
airway, breathing, oxygen supply, and physical 
activity; physiatrist‐to‐physician communication in a 
multidisciplinary setting hasten the decision‐making 
process regarding patients’ referral to a rehabilitation 
unit.[47,48,55] The Italian societies of respiratory 
healthcare professionals promoted a position paper 
focused on the COVID-19 crisis, stressing that there 
should be separate PR facilities for both COVID-19 and 
non-COVID-19 cases.[49] In COVID-19 cases, the field 
of physical medicine and rehabilitation has been also 
faced with many challenges and is being acknowledged 
as an integral part of the healthcare system in the 
healthcare system of the United States. This includes 
taking care of patients transferred out of the acute care 
hospital into rehabilitation beds, thereby, releasing 
pressure on emergency departments.[49]
An important challenge for physiatrists working 
in a developing country such as Bangladesh would 
be the resettling of recovered COVID-19 survivors 
in their community. Based-on previous study, 
community-based PR in chronic lung disorders appears 
to be feasible and effective. Since COVID-19 may 
remain asymptomatic, survivors can get re-infected, 
and there is an absence of acknowledged or evidenced 
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cure to date, COVID-19-PR at the community 
level could be a difficult task for the rehabilitation 
personnel.[47,81] Community-based rehabilitation for 
COVID-19 cases with compromised lung function 
requiring PR should be different from that of non-
COVID-19 cases, as recurrences may occur even after 
complete recovery.[82] The response of society toward the 
COVID-19 survivors may also complicate community-
based PR of COVID-19 cases. However, the ultimate 
success of COVID-19 PR-program at community 
would depend on availability and distribution of 
rehabilitation services in the community, skilled 
rehabilitation personnel, prudent PR care, sufficient 
protective measures for both patients and rehabilitation 
staff, caregiver training, the attitude of society toward 
COVID-19, and survivors psychological status, and the 
state’s policy regarding financing toward COVID-19 
PR.[50,83,84]
By adopting the following strategies, healthcare 
facilities can improve the quality of PR services for 
COVID-19 patients having respiratory impairment: 
 - Involvement of rehabilitation professionals 
(physiatrists, respiratory therapists, speech-
language and swallowing therapists, 
occupational, and physical therapists) in the 
clinical care of COVID-19 patients admitted to 
ICU to reduce pulmonary complications and to 
enhance functional recovery.
 - The rehabilitation team involved in COVID-19 
care should consult existing medical guidelines 
and relevant literature for best evidence, but, 
at the same time, device own strategies and 
protocols considering their own resources and 
patient inflow.
 - Considering community-based PR of 
COVID-19 survivors with compromised lung 
function; it is important to involve politicians, 
community leaders, professionals, common 
people, and family members in the process 
result in positive outcomes.
 - Conducting further research is needed to 
generate evidence-based methods for effective 
PR; focusing on optimal dose, duration, 
intensity and frequency, specifically designed 
for COVID-19 patients.
In conclusion, growing evidence suggest that PR 
appears to be useful in COVID-19 survivors. The PR 
programs starting already in hospital may lead to 
reduced hospital stay and improved overall respiratory 
function. Guiding principles have been proposed by 
the experts from China, Italy, UK, and Turkey. These 
may be adapted according to local needs and, in this 
regard global rehabilitation societies, such as the 
International Society of Physical Medicine, can play 
an active role. Further prospective clinical studies 
are needed  to unveil which PR programs are safe 
and effective in COVID-19 survivors, with the goal 
of improving their QoL beyond their stay within an 
emergency care facility.
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